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The apparatus could be appreciably sim- 
plified by charging the grease directly to the 
pump and forcing it through a capillary at- 
tached to the pump outlet. This would elim- 
inate the need for a hydraulic oil and a 
grease cylinder and piston assembly. Com- 
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parison of apparent viscosities determined 
by the two methods indicate that the shear- 
ing action of the pump on the grease ap- 
preciably reduces the apparent viscosity at 
rates of shear below 20,000 sec.-', as is indi- 
cated in Figure 5. Since the error involved 
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at low rates of shear due to breakdown of 
the grease in the pump may actually amount 
to as much as 25% or more, the necessity 
of using the indirect method involving dis- 
placement of the grease from a cylinder by 
a hydraulic fluid is obvious. 

Once the system has been calibrated for 
flow rates, it need be checked only at rare 
intervals, or when the pump has been acci- 
dently subjected to abnormal load. It is de- 
sirable, however, to have a revolution count- 
er on the final drive gear of the pump for 
the purpose of checking pump speed, par- 
ticularly if a variable speed transmission is 
employed to extend the range of the in- 
strument. 


THE CaPILiARIeEs 


The capillary dimensions and materials 
used in their construction are listed in Table 
III. The stainless steel tubing was cold 
drawn to meet uniform diameter specifica- 
tions by J. Bishop Company, Malvern, 
Pennsylvania. The details of the mounting 
for the steel tubing and the glass capillaries 
are shown in Figure 6. The capillary mounts 
were threaded with a '4 inch pipe thread 
die to simplify their attachment to the 
grease cylinder. To insure against end eff- 
ects and to facilitate accurate measurements 
of lengths, the tube ends were carefully 
ground to plane surfaces perpendicular to 
the tube axis. 
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Capillary Dimensions 


Effective 


Radius (Cm.) 


l 0.1908 
2 0.123 

lA 0.0927 
4 0.0760 
5 0.0615 
SA 0.0503 
6 0.0318 
7 0.0231 


The radius of each capillary was deter- 
mined by viscometric means. Mineral oils, 
whose viscosity at a reference temperature 
(100°F) had been carefully determined 
using standardized Obbelohde tubes, were 
pumped through the capillary at a known, 
constant flow rate and the pressure observed. 
The flow rates were adjusted to give pres- 
sures of sufficient magnitude to be accurate- 
ly read on a Bourdon gauge and the entire 
system was kept at the reference tempera- 
ture by means of a liquid bath. The effec- 
tive or viscometric radii were calculated 
using Poiseuille’s equation with a reproduci- 
bility within + 0.5%. Calculations showed 
that for the flow rates employed with the 
capillaries, the kinetic energy correction was 
insignificant. 


Pressure MEASUREMENT 

The amount of pressure which can be 
developed ranges from 0 to 2 Ibs./sq. in. 
for the most fluid grease and the largest 


Length 

(Cm.) 

7.80 | Stainless steel tubing 
7.86 Stainless steel tubing 
6.23 Drilled in 4" rod 
7.80 Stainless steel tubing 
4.13 Stainless steel tubing 
6.56 Stainless steel tubing 
4.625 Glass 

4.03 Stainless steel tubing 


capillary up to 1500 lbs./sq. in. for the 
heavier greases and the smaller capillaries. 
Pressures above 10 p.s.i. may most conveni- 
ently be measured by a series of Bourdon 
gauges of ranges which overlap sufficiently 
so that they may always be used in the 
middle one-third of their scale, where they 
are most accurate. These gauges should be 
checked frequently, either on a deadweight 
hydraulic tester or against standard test 
gauges. When pressures less than 10 p.s.i. 
are to be measured a mercury manometer 
attached directly to the oil line provides 
satisfactory results. 

For studies at 77°F or higher, the mea- 
surement of pressure developed in the 
hydraulic fluid is satisfactory since experi- 
ments show that the amount of friction gen- 
erated by the piston displacing the grease 
from the cylinder at the flow rates used is 
negligible. Any known method of mea- 
suring the pressures developed within the 
grease would make the instrument too com- 
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plex for routine use, although a pressure 
block, such as employed by Arveson, would 
be desirable for very accurate work, partic- 
ularly at low temperatures. 

When the grease and hydraulic oil are 
cooled to temperatures around —40°F or 
below, the friction arising from the passage 
of the piston over a film of the cold grease 
on the cylinder wall is appreciable. Experi- 


‘ments show that this friction may involve 


an error as high as 5-10% at low pressures, 
and therefore the data at low rates of shear 
need be corrected if better accuracy is de- 
sired. At high rates of shear where high 
pressures are involved this error probably 
would not be significant. Observing the pres- 
sure required to move the piston and dis- 
place grease from the open end of the 
cylinder at the test temperature, without the 
capillary and thermocouple mounting cap 
gives the necessary correction factor. 

The time necessary for equilibrium pres- 
sure to be reached with the recommended 
flow rates is less than 10 minutes and the 
final reading is taken when there is no mea- 
surable increase in pressure for three read- 
ings at 30-second intervals. This pressure 
value should be corrected by addition of 
the gravity head when testing fluid greases 
containing low viscosity mineral oils. 


TEMPERATURE CoNTROL AND OPERATION 


The reference temperature employed for 
the grease tests is 77°F (25°C) and pre- 
liminary studies on the grease viscosimeter 
were greatly facilitated by the use of a 
constant temperature room continuously 
controlled to within one degree of this tem- 
perature. The samples were stored in this 
room for several hours prior to the determin- 
ation in order to assure uniform tempera- 
tures during the run. 

The grease sample is loaded into the cyl- 
inder (cf. Figures 2 and 4) by means of 
vacuum suction. The piston was held in a 
position flush with the lower edge of the 
cylinder, which in turn was immersed in the 
grease sample. Vacuum was applied 
through the valve on the upper arm of the 
unit (cf. Figure 2) and controlled by care- 
ful use of the valve. The grease slowly fol- 
lows the piston up into the cylinder and a 
smooth “fill” is obtained. This insures the 
absence of air bubbles or pockets in the test 
sample, provided the grease has been pre- 
viously freed of air bubbles. The vacuum 
is shut off when the cylinder is filled and 
the valve is allowed to remain open. The 
thermocouple mounting and capillary are 
then placed in the % inch pipe threaded 
holes in the cylinder cap and tightened. The 
cylinder cap carrying the capillary is then 
screwed into the cylinder and the pump is 
started and allowed to run until a uniform 
stream of the hydraulic oil passes the valve, 
indicating that all air bubbles have been 
removed from the oil line. The valve is 

(Continued on page 3, Col. 2) 
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Arnon N. Benson, Joins Chek-Chart 


Arnon N. Benson has joined the staff of 
The Chek-Chart Corporation, Chicago, as 
Business Manager as of Nov. 16. 

Benson has had a long career in the auto- 
motive industry, particularly in association 
work, having been General Manager of the 
National Automobile Dealers Association 
during the very critical years from 1936 to 
1939 and having previously developed and 
operated the Minnesota Automobile Deal- 
ers Association over a period of some 14 
years. More recently he published the Au- 
tomobile Dealers Market Record, a monthly 
used-car valuation service. 

Benson’s work and experience in his asso- 
ciation activities covered the development 
and promotion of improved merchandising 
and operating procedures, public relations, 
collection and dissemination of information 
and statistics, employee training systems, 
editing the association publications, staging 
automobile shows, handling of industry leg- 
islative matters and cooperating with various 
other associations for the production of a 
unified national association program. 

Benson brings to The Chek-Chart Cor- 
poration a large fund of knowledge and 
experience which will prove of the greatest 
value in the continued improvement and 
extension of CHeEK-CHART service to its 
clients in the automotive and oil industries 
and to the U. S. Army in the preparation 
of lubrication guides, bulletins and lubri- 
cation manuals. 
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Lubricating Greases 
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closed and a preliminary trial with a wide 
range pressure gauge gives the approximate 
pressure, thus indicating the proper gauge 
to use for maximum accuracy. The grease 
is forced through the given capillary until 
equilibrium pressure is attained, and it is 
this final pressure which is used in Poiseu- 
ille’s equation for the calculation of ap- 
parent viscosities. The pump is then stop- 
ped, and the pressure released by venting 
the hydraulic oil through the upper valve. 
The capillary is changed and the process 
repeated until the desired range of shear 
rates is covered. 


Naturally for temperatures other than 
77°F or when a constant temperature room 
is not available, a bath must be used. Such 
a bath, designed to operate over a range 
from —40°F to +300°F, is illustrated in 
Figure 7. Several cylinders with complete 
attachments up to the 4” pipe union (Fig- 
ure 2) were made up and used for a series 
of tests. Thus, while one grease sample 
was being run, others were stored in a bath 
or other suitable container held at the de- 
sired test temperature. 


For measurement at very low tempera- 
tures it is possible to immerse the entire 
cylinder in a horizontal position in a bath 
of dry ice-alcohol and so forth. In addition 
to the necessary change in pipe connections 
to the pump, a reservoir or sump to catch 


the extruded grease should be attached to 
the efflux end of the capillary. This sump 
must be vented to the atmosphere to avoid 
building up pressure in the receiver. The 
cylinder to be employed for a test is placed 
in position in the bath, joined to the hydrau- 
lic system at the union and after thermal 
equilibrium is established the run is com- 
pleted as described above. Any changes in 
grease temperature are manifested not only 
by the thermocouple responses but by devi- 
ations in pressure as well. The temperature 
of the grease which is measured adjacent 
to the capillary inlet should be controlled 
to within one degree Fahrenheit in order 
to insure reasonable accuracy. In runs using 
the constant temperature room, a reproduc- 
ibility of 3% was obtained on the calculated 
apparent viscosity. 

The heat generated in the capillary is 
also a possible source of error. The work 
done when the grease is sheared during pas- 
sage through the capillary may cause an 
appreciable rise in the temperature, particu- 
larly at high rates of shear. Since the shear 
is greatest near the axis of the stream flow- 
ing through the capillary, it is here where 
temperature effects should be the largest. 
In the viscosimeter, however, the observed 
pressure is a measure of the summation of 
all resistances throughout the stream, and, 
therefore, it is logical to assume that the 
average temperature of the main body of 
the grease during shear is the important 
factor in judging heat effects. Corrections 
based on the arithmetical average tempera- 
ture should, therefore, be sufficiently reli- 
able. However, when working at 77°F with 
the soft and medium grades of lubricating 
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greases containing oil of less than 1000 
SUS/100°F. viscosity, which includes the 
majority of the products in general use, the 
temperature of the efflux grease, measured 
with a four-junction thermocouple of low 
heat capacity, showed less than 1°F increase 
at rates of shear up to 10,000 sec.-'. Except, 
therefore, for heavy greases at very high 
delivery pressures, correction for heat effects 
in the capillary may be disregarded. 


SIGNIFICANCE OF VISCOSITY 
MEASUREMENTS 

The apparent viscosity of a grease at any 
given rate of shear is dependent mainly on 
the viscosity of the mineral oil, the amount 
and type of soap and the temperature. Less 
important factors which become evident 
only at the lower rates of shear are differ- 
ences in the amount of preworking of 
grease, solidification of the mineral oil con- 
tent at temperatures below its pour point, 
the water content of lime soap grease, etc. 

Arveson made a detailed study of the ef- 
fect of soap content on grease viscosities, 
and representative data are presented in 
Figure 8. He showed that the viscosity of 
the grease decreases with increasing shear 
rates and at high rates approaches that of 
the mineral oil base. This drop in viscosity 
of the grease at high rates of shear ac- 
counts for its ability to lubricate a high 
speed bearing without excessive drag and 
the development of high frictional tempera- 
tures. The very high viscosity at low rates 
of shear, on the other hand, is indicative 
of its ability to remain in a bearing without 
excessive leakage and consumption. The 
grease, however, always maintains a vis- 
cosity above that of the base oil even at 
shearing rates about 100,000 sec.-', and the 
difference is proportional to the soap con- 
tent. From this, Arveson estimated a so- 
called soap factor, accounting for the por- 
tion of viscosity due to the thickening ac- 
tion of the soap. The soap factor, of 
course, varies for different types of soaps. 
This is illustrated in- Figure 9, which com- 
pares the apparent viscosity versus rate of 
shear curves of three conventional type chas- 
sis greases made up to the same approxi- 
mate unworked penetration from different 
soaps, but the same base oil of 70 SUS 


vis 210°F, as follows: 


6.5% Aluminum Stearate 
10.8% Calcium Soap 
11.4% Sodium Soap 


The aluminum and lime soap greases 
have the same worked penetrations and 
similar apparent viscosities. The difference 
of some 40% in the soap content of these 
two products is illustrative of the greater 
thickening power of the aluminum soap. 
The sodium soap is the least effective thick- 


Arveson, M.H, Inno. Ene. Cuem., 24, 74#(1932) 
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ener and approximately double the amount 
of soap used in the aluminum grease is 
necessary to secure a 290 unworked pene- 
tration. The soda grease has the highest ap- 
parent viscosity, but its worked penetration 
is some 40 points greater than those of 
the aluminum and calcium products. 


The degree of thickening or increase in 
apparent viscosity due to a given amount 
of soap can, of course, vary with the 
amount and severity of the preworking a 
grease has been subjected to. This is illus- 
trated in Figure 10, depicting the apparent 
viscosities of a lime base grease containing 
10.2% soap dispersed into a 49.6 SUS/ 
210°F, -10°F pour point oil, before and 
after passage through a colloid mill. Al- 
though the penetration at 77°F remained 
the same, the apparent viscosities are quite 
different over the temperature range —25 to 
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75°F, indicating that some breakdown of 
the soap structure and loss of thickening 
power, occurred during the passage of the 
grease through the colloid mill. 


CorRRELATION OF Viscosiry VALUES AND 
PERFORMANCE 


The possibility of estimating leakage or 
consumption characteristics of greases from 
their apparent viscosities at low rates of 
shear, plus the indication of relative lubri- 
cating ability at the higher shear rates is of 
particular interest in the case of semi-fluid 
greases. The performance and thus the ap- 
plication of these products, which contain 
only a few per cent of soap to minimize 
leakage, are determined primarily by the 
viscosity of the mineral oil base. Apparent 
viscosities over a range of shear rates per- 
mit distinctions to be drawn between the 
effect of the soap and the oil, and show 
the two in their correct relationship. The 
usual consistency determinations with 30 or 
50 gram cone load penetrations or plunger 
instruments, such as the Gardner or S.I.L. 
Mobilometers, on the other hand, measure 
the combined effect of the two variables. 
Further, they tend to accentuate the effect 
of soap content and thus may be mislead- 
ing. 

This is illustrated in Figure 11, giving 
the apparent viscosity rate of shear curves 
for several semi-fluid lime soap greases. 
Grease A, B, and C contain the same min- 
eral oil and show the effect of decreasing 
soap content. The apparent viscosities of 
A and B are quite high at rates of shear 
below 1000 sec.~!, while that of C, which 
contains the smallest amount of soap is not 
greatly different from that of the mineral 
oil base. At higher rates of shear, however, 
the differences in the viscosities of the three 
products are appreciably smaller, indicating 
similar lubricating characteristics. Compari- 
son of the curves for Greases B and D, 
which contain different oils, but substanti- 
ally the same amount of soap indicates the 
marked effect of oil viscosity on the flow 
characteristics of semi-fluid greases. 

Similar apparent viscosity-rate of shear 
curves for semi-fluid soda base and alum- 
inum base lubricants containing oils of dif- 
ferent viscosities are shown in Figures 12 
and 13, respectively. These curves show the 
difference in flow characteristics which may 
be expected, and they rate the products 
according to their relative service perform- 
ance. For the soda base greases the consis- 
tency values are in the same order as the 
apparent viscosities. In the case of the 
semi-fluid aluminum base lubricants, how- 
ever, this is not necessarily true, as indicated 
in Figure 13. Here the winter grade, 
tractor lubricant has the higher consistency 
and appears heavier than the summer grade. 

Another application of apparent viscosity 
data is the comparison or prediction of the 


dispensing characteristics of greases. In 
comparative tests, for example, at 0°F, dis- 
pensing two semi-fluid greases from an Ale- 
mite 6521 Caterpillar Volume Gun, one 


containing a 50 SUS/210°F. viscosity min- 
eral oil could be pumped into the bearings 
while a similar product containing 59 SUS 
210°F mineral oil could not. The apparent 
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viscosity values of the products at 77°F 
were substantially the same, as is indicated 
in Figure 14. Measurements, however, at 
0°F show approximately a two-fold differ- 
ence in apparent viscosity at 1000 sec.~! 
rate of shear, and these data could be read- 
ily used to specify a maximum acceptable 
viscosity to insure satisfactory dispensability 


_at low temperatures. The consistency data 
.on the two greases, including determinations 
“at O°F, which are listed below do not show 
differences large enough to justify a con- 


clusion that one product could be dispended 
at 0°F, while the other could not. 
Correlation of the viscosity values with 
the performance of greases involves com- 
parison of the service results with the ap- 
parent viscosity or the mobility at several 
rates of shear in order to determine at what 
flow rates comparison can be made. In other 
words, the effective rate of shear encount- 
ered in the application under consideration 
is determined by trial and error comparisons 
with the viscosity or mobility values. This 
is illustrated by work done at the Imperial 
Oil Limited laboratories on consumption 
characteristics of chassis lubricants. The 
laboratory test apparatus consisted of a 
Chevrolet rear spring supported by two 
plain shackles and actuated by a cam so 


Figure 15 


constructed to give both lateral and vertical 
motion (see Figure 15). The shackles were 
charged with a known quantity of grease, 
the cam operated for a given time and the 
amount of grease which leaked out of the 
bearing was accurately determined. The 
consumption was expressed as the percent- 
age of the total grease charge lost during 
the operation, and could be reproduced 
within a few per cent. In a series of 12 
greases the most efficient chassis lubricant, 
which gave approximately 1500 miles satis- 
factory lubrication on a 1937 Buick car 
equipped with pin and bushing shackles, 
showed a loss of 11% in the laboratory 
test. The poorest grease gave a consump- 
tion of 27%, and less than 300 miles’ oper- 
ation before development of shackle squeaks 
with the 1937 Buick. 


(To be continued) 
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OWENS -ILLINOIS CAN CO. 


TOLEDO-OHIO 


=a Laboratory tested—Modern de- 
sign for utility and strength— 
Label lithographed on the 
metal in colors—A real sales- }—~ 
builder for your product. 


WILSON & BENNETT MFG. CO. 
6532 S. Menard Ave., Chicago, Illinois 
JERSEY CITY * NEW ORLEANS 


Fats & Fatty Acids 
For The 


Grease Manufacturer 


W. C. HARDESTY Co., Inc. 


NEW YORK, N. Y. 


\ANUFACTURER: 
;ALUMET REFINING 

3 S$.Western Blvd. Chicago, II 
Refinery, Burnham, Ill, 


GREASE & OIL 
PACKAGES 


For the Grease & Oil 
Industry 


WACKMAN WELDED WARE CO. 


ST. LOUIS, MO. 


Use Metasap Aluminum Stearate 
Bases for Clear, Transparent 
Water Insoluble Greases. 


Send for free copy 
“Meeting Modern Lubrication Demands” 
METASAP CHEMICAL 
COMPANY 


HARRISON, NEW JERSEY 


AETOMOTIVE LUBRICATION ERcTCLOPEDIA 


Recognized Headquarters 
for 
Authentic Automotive Information 


The Chek-Chart Corporation 
624 S. Michigan Ave. Chicago, !!!. 


AUTOMOTIVE 
| _ AND LUBRICATING © 
STEEL 
s| DRUMS. 
4 
\ 
i 
: Com yolere 


